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Figure 1.  The Computer's Multiplier 
Effect Upon Growth 
THE DESIGN AND USE OF MANUAL INFORMATION SYSTEMS 
FOR ESTABLISHING MANAGERIAL CONTROLS IN 
SMALL BUSINESSES 
hy 
WILLET ELLSWORTH EGGE III 
ABSTRACT 
The need for an integrated, systematic approach to 
manual information systems design was demonstrated.  A 
method to apply such an approach was developed.  The 
method utilizes some techniques practiced in the design 
of computer-based information systems which have been mod- 
ified for application in the manual data processing envi- 
ronment. 
Typical manual systems have not been effective man- 
agement tools because these systems have lacked compre- 
hensiveness and integrity.  Manual systems are generally 
created for streamlining the processes by which data are 
ultimately posted into decentralized files of relatively 
low volatility.  Such systems tend to be incapable of out- 
putting comprehensive summary information which report on 
the synchronized operations of an organization. 
Computer-based information systems have been proven 
in the past to be useful for providing information which 
management needs to guide the organization toward pros- 
perity and growth.  However, the costs to develop and 
implement such systems prohibit many small businesses from 
using them.  The purpose of the prescribed manual systems 
approach is to offer small business management an addi- 
tional alternative to a computerized system, or to no real 
system at all. 
Growth is the ambition of many small businesses.  A 
manual information system should assist the small business 
in its efforts to expand.  As the small business does grow, 
the system may be of further value if its design is suf- 
ficiently functional such that it facilitates its eventual 
conversion to a computerized system.  Therefore an attempt 
was made to isolate those activities and design considera- 
tions which contribute most to successful computer-based 
system designs, so that these considerations could be mod- 
eled by a manual systems approach.  The incorporation of 
the selected considerations into the manual systems ap- 
proach helps to ensure that the final system design is 
functional and readily convertible to computer-based data 
processing. 
The manual systems approach models the computer-based 
systems approach with respect to the following features: 
1.)  A comprehensive feasibility study for the deter- 
mination of specific user requirements; 
2.)  Character-formatted documents for increased legi- 
2 
bility and decreased clerical error; 
3.)  Modular subsystems for data retrieval, which 
are integrated by: 
4.)  A common data base, which permits the genera- 
tion of: 
5.)  Comprehensive summary reports. 
An experimental information system was designed in 
accordance with the prescribed manual systems approach in 
order to test the validity of the recommended design and 
development processes.  The user requirements were for a 
means of obtaining status, labor usage, and materials usage 
information about any current sales order.  The experimen- 
tal system was designed, implemented, and tested in the 
environment of a small business. 
Information from the experimental system was shown 
to be useful in several management activities, including 
the scheduling of production, the regulation of manpower, 
the control of waste, the control of raw and work-in- 
process inventory levels, and the establishment of sales 
prices.  A comparison is made between two methods of de- 
termining manufacturing costs:  an existing estimation 
methpd, and a new actual cost report, which was developed 
and introduced along with the experimental system. 
I.  INTRODUCTION — THE INFORMATION EXPLOSION IN POST WORLD 
WAR II AMERICA t 
The electronic computer was introduced in 1944 as a 
device for problem solving, and for the processing of the 
large amounts of information which were necessary to run the 
greatest war in history.  For this, the year 1944 has been 
called the year of the "Second Industrial Revolution." 
America's war effort required that raw materials be utilized 
judiciously, and that more efficient means of production and 
quality control be sought.  Greater efficiency would mean 
greater capacity for growth, and with the help of the com- 
puter, American industry got both. 
After the war, new and diverse applications for the 
o 
computer were sought in the realms of private industry, the 
professions and government.  Consequently, we have seen in 
the post-war period the unprecedented expansion of these 
realms in American society. 
I(A).  Computers and the Multiplier Effect upon Growth 
2 3 There are those such as Quinn,  Gotlieb, and Borodin 
who suggest that the information explosion was strictly the 
result of the introduction of the computer into the data 
Berkeley, p. 3. 
2 Quxnn, p. 85. 
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Gotlieb and Borodin, p. 30. 
processing environment.  This concept was first put forth 
by Quinn in his presentation before the United Nations 
Educational, Scientific, and Cultural Organization (UNESCO) 
in 1970. '  He called it the "multiplier effect" of computer 
usage upon organizational and economic growth, in recogni- 
tion of the fact that an organization's potential for 
growth is limited by its ability to gain information about 
itself.  Quinn's perception was offered as a warning against 
misguided and unethical organizational growth, for, the more 
an organization grows, the more it needs to know about it- 
self  (Figure 1).  Still, Quinn's acknowledgement of the 
computer's value in guided, ethical growth is a very im- 
portant one.  For those who have been able to afford com- 
puters, there have come many advantages.  Growing industries 
have found that they could buy raw materials at quantity 
discounts, purchase capital equipment of the highest 
quality, and pay the highest wages for the best labor. 
They could support management development programs to help 
ensure the strength of their organization's future leader- 
ship and they could support research and development groups 
which could attract and cultivate the finest scientists, 
professionals and analysts. 
Savings 
Reinvested 
and 
Growth 
Greater 
Information 
Requirements 
Greater 
Controls 
and More 
Applications 
More 
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Figure  1.   The Computer's Multiplier Effect Upon Growth, 
II.  SYSTEMS ANALYSTS AND EDP SYSTEMS 
The work of the business systems analyst, or "systems 
analyst", was greatly augmented by the coming of the com- 
puter.  Before the computer era, systems analysts had been 
primarily engaged in designing networks of paperflow, 
creating forms and directories which show where the forms 
are filed, and defining processing procedures for sales, 
inventory, production, and accounting data.  These networks 
were called manual "information systems," A more formal 
definition of "information system" is as follows: 
"A set of well-defined rules, practices, and 
procedures by which men, equipment, or both are 
to operate on given input so as to generate infor- 
mation satisfying specifications derived from the. 
feeds of given individuals in a given situation." 
ithin a given organization, manual information systems 
(which at times have been the product of a good degree of 
designer creativity) have tended to exist as separate, 
unintegrated entities which are prone to file and computa- 
tional redundancy and provide no summary information.  As 
computers replaced the manual data processing operations, 
these inefficiencies could no longer be tolerated.  Process- 
ing time was simply too valuable to be wasted. 
The challenge to design streamlined, automatic infor- 
4 Heany, p. 7. 
mation systems became the systems analysts sole concern. 
Automatic systems had to be flexible enough to meet man- 
agement' s growing and changing needs, yet could require no 
more processing expense than was absolutely justifiable. 
In order to be certain that the final system design met 
these criteria, an analytical approach to systems design, 
composed of methods and procedures, was conceived.  This 
important contribution to the science of systems analysis 
has become known as the "systems approach" to the design 
of information systems. 
III.  BACKGROUND INFORMATION; 
THE SYSTEMS APPROACH, AS USED IN DESIGNING EDP SYSTEMS 
"The systems approach is a philosophy, a percep- 
tion of structure, which coordinates, in an efficient 
and optimum manner, the activities and operations 
within any organization or system...defining what is 
to be a system is a logical distinction which may or 
may not relate to the actual distinctions found in 
reality.  With the systems approach we are concerned 
with the individual component and we emphasize its 
role in the system, rather than its role as an indi- 
vidual entity." 
Many authors have written on the subject of the "EDP 
Systems Approach."  These offerings have been summarized in 
the following descriptions and flowchart (figure 2) of the 
events in proper systems analysis. 
Ill(A).  Description of the Systems Approach 
1) THE USER/ANALYST INTERFACE.  An initial meeting is 
held between the parties to discuss in general terms man- 
agement's ambition(s) or problem(s) which may be achieved 
or solved through the establishment of an information system. 
2) PROBLEM DEFINITION. The analyst's creative skills 
are first utilized in an attempt to define the realm of the 
problem's origin. 
3) ESTABLISHMENT OF AN INFORMATION REQUIREMENT.  A 
closer analysis of the problem's origin enables certain 
conclusions to be drawn regarding what information may be 
Burch & Strater, p. 9. 
needed to solve the specific problem(s). 
4) DEVELOPMENT OF ALTERNATIVES. By employing the 
analyst's creative capabilities, gross systems concepts 
are formulated. 
5) MEETING OF REQUIREMENTS.  Those systems concepts 
which appear most suitable for the application go on to be 
further detailed.  If none appear suitable, then it is 
likely that the problem requires further discussion and 
definitions. 
6) DETAILING THE DESIGN.  Information sources are 
determined, personnel functions are defined, documents are 
prepared, and channels of information flow are established. 
The values of the system begin to materialize. 
7) DETERMINATION OF COST EFFECTIVENESS.  For each 
detailed (and therefore, feasible) system, all tangible 
operating costs are assessed.  These costs may be classified 
as follows: 
Costs by Behavior 
variable costs (energy, supplies, etc.) 
fixed costs (rent, depreciation, etc.) 
Costs by Function 
development costs (training, programming, 
analyst's fees) 
operating costs (personnel salaries, etc.) 
maintenance costs (self-explanatory) 
Costs by Duration 
recurring costs (software development) 
non-recurring costs (conversion, etc.) 
10 
Then, whatever tangible savings due to implementation 
should be assessed: 
Direct Savings 
elimination of operations 
increases in productivity 
The construction of the ratio of monetary benefits to 
burden is useful in assessing the relative merit of several 
alternative systems.  The ratio for feasible solutions must 
be greater than unity.  Where the relative merit of two or 
more systems is negligible, an assessment of intangible 
benefits should be made to simplify the choice process. 
Some examples of intangible benefits are better customer 
service, quality control, and accounting control. 
8) ECONOMIC JUSTIFIABILITY.  Again, indices such as 
the Benefit/Burden ratio can help assess which alternative 
system is the best choice.  If no system provides more 
benefits than burdens, other alternatives must be considered. 
9) RECOMMENDATION.  After all parameters are consid- 
ered, a choice must be made among proposals. 
10) ACCEPTANCE.  If the proposal is considered sound 
and functional, it may be implemented.  Otherwise, some 
refinements may be required prior to implementation. 
11) CONVERSION/IMPLEMENTATION.  All documents, channels 
of data flow and processes, and computer programs are in- 
stalled according to plan.  All training of personnel is 
performed.  Existing systems continue to function. 
11 
12) TESTING.  Using either data which was especially 
prepared for testing or live data, the system is tried.  If 
data was specially prepared, the system output must conform 
to expectations.  If live data is used, the new system's 
output must conform to the existing system's output, or 
an error condition(s) will arise.  New alternatives may be 
required. 
13) EVALUATION.  If output is unsatisfactory, the 
causes of error must be ascertained.  If output is satis- 
factory, the system may require fine tuning. 
14) MONITORING.  Once the new system is on its own, it 
must be continually improved and debugged as it expands to 
meet new user requirements. 
12 
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Figure 2.  The EDP Systems Analysis Approach 
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IV.  PROBLEM DEFINITION 
There can be no assurance that an organization shall 
grow and prosper merely by owning and operating a computer, 
but it is historically evident that without the ability to 
process and retrieve essential information, an organiza- 
tion suffers from great disadvantages and may even be prone 
to failure.  In recognition of this, the manufacturers of 
computerware have done much to make smaller and less ex- 
pensive computers available to businesses of all sizes. 
Still other businesses have been formed for the purpose of 
providing the services of large computers and sophisticated 
software to users on a less expensive time-shared basis. 
However, there remain many small and medium-sized busi- 
nesses without the ability to make the "multiplier effect 
of growth" work for them. 
With the nation's economy as sluggish as it has been 
in recent years, we need to do what we can to increase growth 
at all levels of industry, particularly in small business. 
If small businesses cannot afford to own and operate elec- 
tronic data processing equipment, then a short-run alter- 
native to the computer must be found which can still enable 
the multiplier effect to take place to some lesser extent. 
The alternative must be a short-run alternative, since no 
known means of data processing is superior to the computer- 
based data processing system in processing vast amounts of 
14 
data.  The alternative would enable enough growth to allow 
the conversion to EDP at a point in the nearer future. 
IV(A).  Manual Information Systems and Information Synergy 
Behind the multiplier effect of growth which computer- 
based data processing systems are known to provide lies the 
phenomenon of information synergy.   Information synergy is 
exhibited by an information system which provides informa- 
tion as output whose value in decision- and policy-making 
is greater than the value of the raw data from which the 
information is derived.  In the following statement, one 
eminent author on systems analysis suggests that traditional 
manual information systems have not exhibited information 
synergy: 
"The designer's final specifications for a 
manual information system are usually recorded in 
flowcharts supplemented by written descriptions 
of who is to do what, when, where, how, and why 
(italics).  Documentation usually includes organ- 
ization charts, standard operating procedures, 
and work distribution lists.  To the user, these 
documents are the system (italics).  They are tan- 
gible, real, and frequently comprehensible to those 
who know nothing about design work.  No air of 
mystery surrounds the specifications of a manual 
information system." 
If an information system is at all "mysterious," then 
it is mysterious in its ability to provide information 
Burch & Strater, p. 9. 
Heany, p. 92. 
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synergy.  What commonly "incomprehensible" features of a 
modern information system are prerequisites for information 
synergy to exist?  Certainly the presence of the computer— 
the magic black box—cannot be a prerequisite, since the 
computer can only do whatever a human can do, only faster 
and more accurately. 
IV(B).  Proposal 
An information system's ability to provide information 
synergy does not depend upon the presence of a computer in 
that system.  Information synergy is created within a 
system which has been designed to ensure that each user 
gets exactly the information which he needs.  The contribu- 
tional value of the "systems approach" to the design of in- 
formation systems has been that it has taught us to design 
synergistic information systems.  It might be assumed that 
a systems approach to designing manual information systems 
can be patterned after the EDP systems approach.  If such a 
systems approach enables the designing of manual information 
systems which display information synergy, then such manual 
systems may be the short-run alternative to EDP systems which 
we seek. 
lA 
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V.  ANALYSIS 
V(A).  Objectives 
There are two objectives which modern manual informa- 
tion systems must be created to achieve.  These are: 
OBJECTIVE #1.  To be capable of exhibiting information 
synergy, which is exemplified by a data processing system 
which makes powerful managerial controls possible. 
OBJECTIVE #2.  To facilitate the eventual conversion 
of the manual information system to EDP by being of sound, 
logical, and purposeful design. 
V(B).  Hypothesis 
The objectives listed above might be achievable within 
the manual data processing environment if the manual system 
emulates an automatic system in the following ways: 
1) A unique, comprehensive feasibility study should 
be conducted to determine the informational needs of the user; 
2) Source data should be posted to and transmitted by 
character-formatted documents; 
3) Data storage should be in the form of an integrated 
data base; 
4) Manual subsystems should be modular in design and 
integrated by the common data base; 
5) Data output (reports) must be comprehensive and in 
summary form. 
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V(B.l).  Reasoning of the Hypothesis.  Empirically, a manual 
system based upon these design considerations might achieve 
objectives #1 and #2: 
A UNIQUE, COMPREHENSIVE FEASIBILITY STUDY.  During the 
feasibility study, the systems approach explained in Chapter 
III should be followed, but with some significant modifica- 
tions in scope.  It is important for the manual systems 
analyst to keep in mind during the user/analyst interface 
that managers of small businesses tend to be unskilled in 
the fundamentals of business management.  These managers may 
be of little assistance in communicating the nature of their 
problems and in their abilities to enumerate their specific 
informational requirements.  Furthermore, one of the ways 
which we measure the value of an information system is by 
the extent to which it supports the organization's strategy 
for growth.  Before he can establish any informational re- 
quirements, the manual systems analyst may be required to 
assist in the formulation of a strategy to battle the organ- 
ization's problems.  The conception of the ideal manual 
systems analyst is one of a man with creative abilities in 
facilities, production, and financial planning, behavioral 
psychology, and general problem solving. 
CHARACTER-FORMATTED DOCUMENTS.  A fine point in manual 
systems design, but a useful one.  Character-formatted docu- 
ments can help minimize the time required to manually process 
information.  Through organization and legibility, a clerk 
18 
may seek, transpose, and process information more quickly 
and accurately.  These documents may be usable in an EDP 
system if the opportunity for conversion arises (see figures 
A.5 and A.6 for examples). 
AN INTEGRATED DATA BASE.  One shortcoming which is 
typical of traditional manual systems is that much informa- 
tion is processed in a decentralized fashion during various 
remote operations and filed—never to be reported or 
analytically examined.  If all routinely-processed data 
are stored in one integrated "data base," it may be proc- 
essed by a centralized team of clerk/analysts who then pre- 
pare the output for management and make recommendations. 
Such a system is likely to be more efficient (less opera- 
tional redundancy) and more functional. 
MODULAR SUBSYSTEMS.  The information channels which 
route data to the data base must be designed to be modular, 
so that each may independently grow, be tested, and improved, 
The manual system should not relinquish its ability to func- 
tion in part if for one of the subsystems the "plug is 
pulled." 
SUMMARY REPORTS.  The summary report is the tangible 
product made possible through the integrated data base con- 
cept.  The centrally-processed information can be more 
digestible by management, which is important for problem 
recognition and decision-making. 
19 
VI.  CASE STUDY 
In order to test the hypothesis that the objectives 
of modern manual information systems may be achieved if 
the systems are designed in accordance with the five stand- 
ards suggested in the preceding section, the proposed tech- 
nique was utilized in designing an information system for 
the "Noble Corporation" (the actual name of the firm has 
been withheld at the request of its management).  The merit 
of the experimental system shall be measured by the extent 
to which it satisfies objectives number one and two. 
The experimental system was designed during the three- 
month period from June to August, 1977, and tested in ac- 
tual practice during the third week in August, 1977.  An 
account of the development and testing of the system follows 
directly. 
VI(A).  The Feasibility Study 
VI(A.1).  From the User/Analyst Interface:  Problem Defi- 
nition.  The Noble Corporation is a small, private- 
lable manufacturer of a "luxury" household commodity, lo- 
cated in the industrial section of a major eastern city. 
Its few competitors are much larger in sales volume and net 
worth.  Noble's sales have become quite dependent upon the 
leading international cosmetic houses during recent years. 
About 50% of Noble's annual gross sales are to these com- 
panies. 20 
Noble' s labor force is drawn from a predominantly ethnic 
populace, many of whom maintain only temporary residences 
in the United States. In the past, Noble had chosen to deal 
with high, unpredictable absenteeism by overhiring.  On 
occasions when too many labor personnel had reported for* 
work, Noble would send some of them home without pay. The 
employees would settle for this policy in order to retain 
their jobs which required no skill, and which enabled them 
to work with their friends and neighbors. 
As Noble's sales to the cosmetic companies increased, 
a greater portion of the item-specific raw materials or 
"components" (colors and fragrances) were supplied by those 
customers at no charge. Noble enjoyed that a relatively 
small amount of their cash had to be tied up in raw materials 
inventories, particularly the item-specific components,which 
were the most expensive materials used in production. 
The effects of Noble * s growth upon its operations were 
not all positive.  Noble's work force increased in number, 
as their equipment did, in proportion with the growing cos- 
metic demand.  Because no formal work measurement was ever 
performed, Noble's production lines continued to be over- 
staffed, as they had tended to be when Noble was a very small 
operation.  Eventually this became no longer acceptable, 
because the labor force unionized and Noble had to guarantee 
several hours pay to anyone who showed up for work. 
Noble's increasing dependency upon its customers in the 
21 
cosmetic world had another painful effect. When Noble sup- 
plied only small businesses, it had all the latitude it 
needed in scheduling production.  With large cosmetic com- 
panies as major accounts, this was no longer the case. For 
one thing, big accounts have a lot of clout for getting 
what they want when they want it.  More importantly, the 
cosmetics world is an often glamorous, often ruthless one, 
where competition is quite stiff.  Products can have very 
short lives.  Cancelled orders for supplied goods are fre- 
quent.  The effect of an order cancellation upon Noble's 
operations had been acute, and scheduling latitude had be- 
come a thing of the past. 
When the national economy took a downturn in the early 
1970's, Noble was unprepared.  Noble's customers sought to 
improve their cash positions by no longer providing item- 
specific components for their suppliers.  Noble was not 
prepared financially nor managerially to carry large inven- 
tories.  Whereas raw materials had been simply drop-shipped, 
a purchasing agent was now required to coordinate production 
with sales. More people and equipment were needed in the 
warehouse. 
Labor had become a greater portion of total manufac- 
turing cost.  The overstaffed production lines could no 
longer be acceptable, but no one knew exactly how many oper- 
ators were really necessary to run a production line. Noble 
hired an industrial engineer to establish time standards and 
to try to determine what a standard crew»should be for 
22 
each production line. 
Because inventories and labor were insufficiently 
monitored, Noble really had no idea what its costs of manu- 
facturing were.  By this point, Noble was spending more for 
labor and more for inventories, but its profits were actually 
diminishing. Noble hired a team of consultants to help set 
up a system of labor reporting, but the system was inade- 
quate, as it was undetailed and dealt with non-verifiable 
data.  To help with the developing inventory control crisis, 
Noble decided to lease a computer terminal and, on time- 
sharing basis, run materials requirements and inventory 
balances programs.  While the software was we11-conceived, 
the output was valueless because the data entered into the 
computer were pure nonsense. The warehouse people, who were 
responsible for physical inventory-taking, were buried in 
work, and their operations were so disorganized that inven- 
tories were often "lost." 
VI(A.2).  The Establishment of Information Requirements. It 
was readily apparent from the user/analyst interface that 
Noble needed accurate and detailed information to support 
their scheduling, inventory, and labor control efforts. 
Specifically: 
1) Direct labor requirements to produce any product 
of any given order quantity; 
2) Line time requirements to produce any product of 
any given order quantity; 
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3) Materials requirements to produce any product of 
any given order quantity; 
4) Variances for the above, according to standard. 
VI(B).  Documentation of Existing Systems 
Having established a need for information, the existing 
paperflow was studied and flowcharted.  Presented in figure 
3 is the flowchart which resulted from that study. 
VI(C).  Deficiencies in the Existing Systems 
One severe deficiency prevailed throughout Noble's in- 
formation system--a severe lack of detailed summary informa- 
tion.  No feedback was available regarding how much labor 
and materials were being consumed in the production of any 
given order.  Particularly effected were: 
COST ESTIMATION.  Costs were estimated at standard with 
insufficient allowances for variances, 
MANPOWER PLANNING.  The number of employees needed on 
a given day was a function of what products were running. 
Because labor had not been accountable by product, the pro- 
duction schedule could not be used in planning manpower. 
PLANT CAPACITY.  The number of units of product which 
Noble could produce per day was a function of what products 
were running on which lines.  Without feedback, management 
could not know what combinations of products and productions    \ 
lines could produce the greatest daily yield. 
MATERIALS USAGE.  The balances of raw materials on hand 
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Figure 3.  Flowchart of Existing Systems, 
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were computed by the subtraction of the estimated material 
usage at standard from the beginning balance.  These esti- 
mates were almost always understated.  Consequently, Noble 
frequently ran out of materials at critical points in pro- 
duction where the time required to obtain more materials 
was too great for proper customer service. In such instances 
the orders were cut short, causing a loss of profit and com- 
pounding their already difficult scheduling problem. 
These deficiencies were discovered by analyzing Noble's 
operations and the flowchart" in Figure 3.  The information 
requirements set forth in section VI(A. 2) were upheld by 
the discovery of these deficiencies, in that the proper re- 
lationship between cause and effect seemed to be established. 
Were this relationship not established, a retrogression to 
the problem definition phase of the feasibility study would 
have been required. 
VI (D).  Conceptualization of an Order Status Information 
System 
The general system requirement was for an Order Status 
Information System, to be comprised of4material usage, labor 
usage, and production quantity subsystems which would be 
integrated by a common data base called the "order control 
package" file (OCP file).  An examination of the OCP would 
provide the user with complete material and labor require- 
ments at standard, the start-up date, the required completion 
date, and the materials and labor usage to date for any given 
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order. At any time prior to or at the completion of a given 
order, calculations based upon these data could be made to 
determine labor usage variances, material usage variances, 
materials balances, and actual unit costs of production. 
At the end of the prescribed accounting period, a summary of 
all closeout information would be documented in appropriate 
detail and distributed to all specified users, 
VI(D.l).  The Materials Usage Subsystem.  For practical pur- 
poses, only the most critical materials would be measured 
and regulated manually.  These are the item-specific com- 
ponents:  colors and fragrances.  These components are the 
most expensive, and their availability governs Noble's 
ability to operate. 
Depending upon the size of an order, item-specific 
components are mixed into several 200KG batches with pain- 
staking accuracy.  Under the materials usage subsystem, the 
people who mix the batches ("mixers") could complete a 
coupon with brief information as to which product, line 
number, and order (acknowledgement) number the batch was 
intended for.  These coupons could be collected"by the raw 
materials dispatcher, verified, and forwarded to data pro- 
cessing (DP) for posting in the OCP.  At this time, the 
materials supervisor in the DP area could make a cursory 
usage check to see if the supplies will hold out (i.e., he 
notices non-standard consumption).  In this fashion, there 
may be fewer production terminations due to the exhaustion 
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of long-lead time-requiring materials. 
VI (D.2).  The Labor Usage Subsystem.  The purpose of the 
labor usage subsystem would be to supply data on actual 
labor usage to the OCP.  Since these data must be account- 
able by date, order number, product code, production line 
and department number, a simplified employee and supervisor 
job card system would be used to collect these data.  Times 
could be punched on existing punchclocks. 
On a daily basis, these cards would be collected by 
the shop management, verified, and forwarded to DP for pro- 
cessing and posting to the OCP.  In order to determine what 
labor variance may exist at any point, the labor entries 
would be summed and the total should be equivalent to the 
fraction of the total production to date multiplied by the 
standard labor required to produce the given order.  Since 
the simplified job cards contain only time and not produc- 
tion counts, a production quantity subsystem is needed to 
perform the variance analysis. 
VI(D.3).  The Production Quantity Subsystem.  The purpose 
of the production quantity subsystem would be to supply 
actual production figures for posting to the OCP.  Produc- 
tion data must be accountable by date, order number, product 
code, and production line.  The document used to retrieve 
these data in the existing system is called the packing re- 
port.  The packing report is satisfactory and may continue 
to be used in the new system.  For the sake of verifiability, 
38 
Summary Report 
(    Control  J 
Figure 4. Conceptual Model of an Order Status 
Information System 
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the new system would prescribe the comparing of the package 
report totals to the totals from ano£her existing document— 
fthe bill of lading—at the completion of a given order. 
VI(E).  Detailing the Subsystems 
For modularity and simplicity, the materials usage, 
labor usage, and production quantity subsystems were broken 
down into parallel sequences, all of which terminate with 
the entry of data to the data base (order control package). 
In this fashion, it was possible to crea'te all the necessary 
information channels without disturbing those existing 
channels which were to be kept.  The subsystems were broken 
down as follows: 
1) Materials usage subsystem 
a) Order Control Package (OCP) 
origination sequence, 
b) Mixing sequence. 
c) Warehouse sequence. 
2) Labor usage subsystem (no break- 
down into sequences) 
3) Production quantity subsystem 
a) Production sequence. 
b) Packing sequence. 
VI(E.l).  Documentation.  Table VI(E.l) is a listing of 
those new and used documents which are used to capture all 
necessary data and transfer them to the data processing 
area for posting to the various order control packages 
(OCP's).  A description of the uses of those documents 
follows table VI(E.l).  Examples of each document may be 
found in Appendix A. e 4 0 
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BILL OF MATERIALS (figure A.5a)  Used by DP in the 
Order Control Package origination sequence for calculat- 
ing standard material requirements and posting same to 
their respective log sheets in the Order Control Package. 
Copy included in Order Control Package. 
MIXING BATCH CONTROL TICKETS (figure A.la)  Com- 
pleted by mixer in requesting item-specific components for 
batch mixing.  Forwarded by mixing supervisor to DP for 
posting to Mixing Batch Control logs. 
MIXING BATCH CONTROL LOG (figure A.5c) Where Mixing 
Batch Control's are posted to corresponding DCP's. 
BILL OF LADING (figure A.2)  A shipping list created 
by warehouse supervisor, which lists all products and 
quantities shipped.  Forwarded by warehouse supervisor to 
DP for posting to Bill of Lading log. 
BILL OF LADING LOG (figure A.5e)  Where Bill of 
Lading's are posted to corresponding Order Control Pack- 
ages.  Used to verify Packing Reports, at end of production 
run. 
JOB CARD (figure A.3b)  For employee's documentation 
of time spent working on various products and product line. 
Times punched by time clock.  Verified by supervisor and 
forwarded to DP. 
LINE CARD (figure A.3a) For supervisor's documenta- 
tion of which products were on his line(s) at which time. 
Forwarded along with Job Cards to DP. 
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LABOR TRANSACTION DOCUMENT (figure A.6)  Where DP 
clerk posts labor usage by order, products, and production 
line to Order Control Package. 
WORK-IN-PROCESS TICKETS (figure A.lb)  Created by 
production supervisor, one for each product in process. 
Account of units of product not packed.  Forwarded to DP 
for posting to Work-In-Process log. 
WORK-IN-PROCESS LOG (figure A.5d)  Where Work-In- 
Process tickets are posted to their corresponding Order 
Control Packages. 
PACKING REPORT (figure A.4)  Packing supervisor's 
final totals of day's production by order number and pro- 
duct code.  Forwarded to DP for posting to Packing Report 
log. 
PACKING REPORT LOG (figure A.5b)  Where Packing Report 
totals are posted to their corresponding Order Control 
Packages. 
VI (E.2).  Flowcharts of New Subsystems.  The following 
flowcharts detail the processes and data flows of the Order 
Status Information System:  its materials usage, labor us- 
age, and production quantity subsystems. 
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Figure 5. Usage Subsystem, OCP 
Origination Sequence 
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Figure 6.  Material Usage Subsystem, 
Mixing Sequence. 
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Figure 7.  Materials Usage Subsystem, 
Warehouse Sequence. 
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Figure 8.  Labor Usage Subsystem. 
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Figure 8 (continued).  Labor Usage Subsystem. 
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At End 
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Figure 9. Production Quantity Subsystem, 
Production Sequence. 
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Figure 10. Production Quantity Subsystem, 
Packing Sequence. 
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VI (E.3).  Data Processing Operations:  Order Closeout. 
When DP receives the final Bill of Lading, which signifies 
that an order is complete, they begin the order closeout 
operation.  The Order Control Package is now complete, and 
should contain: 
1) a copy of the original order acknoqledgement 
2) a copy of the original cost estimate 
3) a copy of the Bill of Materials 
4) Mixing Batch Control Log 
5) Bill of Lading Log 
6) Labor Transaction Document 
7) W/D Ticket Log 
8) Packing Report Log 
In order to complete the closeout operation, two other 
existing files are necessary: 
9) inventory summary of on-hand-balances 
10)  table of engineering time standards 
For each day's labor and materials transactions against 
a given order, the following calculations are made and the 
results are entered onto the LABOR/COST SUMMARY sheet (Ap- 
pendix, figure B.l): 
1) total direct labor in production (from Labor 
Transaction Document) 
2) total direct labor in packing (from Labor Trans- 
action Document) 
3) total labor   (1+2) 
4) line hours required (from Labor Transaction Docu- 
ment) 
5) units packed (from Packing Report Log) 
6) ending units in-process (from Work-In-Process Log) 
7) earned labor hours (from Labor Transaction Docu- 
ment and time standards) 
8) batches mixed (from Mixing Batch Control Log) 
9) standard batches required to produce (from Bill 
of Materials and Packing Report) 
10)  production efficiency.  (7^3) 
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After these calculations and entries have been made, 
a waste analysis is made and summarized at the bottom of 
the LABOR/COST SUMMARY.  The essence of this analysis is 
based upon the relationship: 
Total Batch Weight - [WT. of finished goods shipped + 
WT. of Work-In-Process at end of run] = Weight of Waste. 
The conversion from units to weight of product is a simple 
one. 
, The last step.in the order closeout sequence is the 
most valuable one of all.  Using the actual manufacturing 
data just entered onto the summary and a blank cost estimate 
sheet, the actual figures are substituted for the previously 
estimated figures, and an actual cost of manufacturing is 
calculated.  This feature was made possible as a result of 
Noble's very detailed cost estimating system.  The actual 
and estimated costs are compared, enabling future estimates 
to be more precise.  A meeting of Noble's management is held 
to discuss the summary finding, and finally the summary, ac- 
tual cost analysis, and any remarks worth noting are placed 
into the Order Control Package and filed by product codes 
and date. 
VI (F).  Determination of Cost Effectiveness 
The new manual system did not require any investment 
in new equipment, nor did it require the hiring of any 
new personnel.  In fact, Noble management was pleased that 
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several of their under-utilized staff members could now 
spend more of their time productively generating and 
analyzing more useful information.  For all intents and 
purposes, there were no developmental (non-recurring) 
costs incurred.  The only recurring costs were those ex- 
penses made for the printing of new documents.  Most of 
these documents were economically produced on an office 
copier.  No Benefit/Burden ratio was constructed as it was 
generally expected to be greater than unity. 
VI (G).  Implementation 
The new system was conceived and designed to bring 
hidden information out into the open where it could be 
entered into the Order Control Package (the integrated 
data base).  In doing so, the system took advantage of 
much existing but previously "buried" documentation. Train- 
ing was required to educate the mixers in completing Mix- 
ing Batch Controls, to educate supervisors in completing 
job and line cards, and to instruct DP clerks in posting 
and analyzing the data in the Order Control Package.  The 
training was performed in groups of employees, classified 
by job function.  Documents of simulated data were used as 
instructional materials. 
VI (H).  Testing the System:  Evaluation of Results 
There was insufficient time available to train the 
labor personnel in the completion of job cards.  Therefore, 
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for testing purposes, the line supervisors filled-out the 
job cards for each of their employees. 
A live customer order was selected to monitor from 
order entry through order closeout.  The particular order 
was selected from among others on the basis of its appa- 
rent ability to "push the system to its limits."  The trial 
order was for a product which, in the normal course of manu- 
facturing, required an abnormally great amount of handl- 
ing.  Especially tested were the mixing sequence of the 
material usage subsystem and the packing sequence of the 
labor usage subsystem. 
The data-inputting subsystems performed according to 
expectations.  The order closeout operation took 50% more 
time than had been expected (about an hour-and-a-half, rath- 
er than one hour).  This is explainable by the fact that 
the data processing activities in order closeout were 
totally new and required that the analysts interface to a 
greater extent than they were accustomed to.  It was ex- 
pected that after one or two more closeouts, the time re- 
quired to closeout would be significantly reduced. 
Appendix B contains the LABOR/COST SUMMARY, ESTIMATED 
CROSS SHEET, and ACTUAL COSTS SHEET which were generated 
for the test run.  An analysis of the results rendered in- 
formation which was quite valuable to Noble management. 
The following is an illustrative example of how the order 
status information system will be valuable in establishing 
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managerial controls. 
VI (H.l).  An illustration of Increased Scheduling and Cost 
Control.  The cost estimation procedure was initiated at 
Noble for the purpose of supplying information which could 
be useful in deciding whether or not an order should be 
sold at the price which the sales department establishes. 
An order is judged by the ratio of its dollar contribution 
to the number of machine (line) hours required to manufac- 
ture that order.  The target figure for that ratio was 
defined by the company controller to be $200/machine hour. 
The original, fully absorbed standard cost estimate 
for the test order deviated from the actual cost by only 
0.3% ($404.70 per 1000 units estimated, versus $406.00, 
actual).  Curiously, the contribution estimate was 28% 
lower than the actual contribution ($245.00/machine hour, 
versus $313.00, actual).  Further examination of the two 
cost sheets revealed that the cost estimate was based upon 
a standard packing crew of 26 people at 15,000 units per 
shift (collectively), but actually 40 people were used at 
18,^60 units per shift (collectively).  The resulting in- 
crease in productivity was not linear on a per-capita basis 
(in fact, productivity decreased 20% per capita by standard), 
and the line time required to produce the entire order was 
38% less than was estimated (49.25 hours, versus 68 hours 
estimated).  Contribution was thus demonstrated to be more 
sensitive to line hour requirements than to labor usage. 
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This finding underscored the importance for Noble's 
master schedule to be stabilized.  It also revealed that 
the practice of over-hiring may not be as expensive as it 
was originally thought to be. 
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VII.  CONCLUSIONS 
Based "on the analysis and system description in this 
thesis, information systems need not be computer-based in 
order to report on the integrated operations of an organ- 
ization with comprehensiveness and integrity.  Manual 
information systems have demonstrated the capability of 
being an inexpensive, alternative source of information 
synergy.  These desirable properties are designed into the 
information system by the adherence to a systematic design 
approach such as the one developed in this thesis.  The 
computer adds an extra dimension of speed to data proces- 
sing.  To a small business manager, speed may be an expen- 
sive luxury or may have a low priority among his informa- 
tion requirements. 
The Order Status Information System was designed and 
implemented at Noble to test the validity of the proposed 
manual approach to the design of information systems. 
Since the comprehensive summary output (Appendix B) was 
demonstrated to be of great value in supporting a variety 
of new and improved managerial controls, it may be con- 
cluded that objective number one (Section V (A)) was a- 
chieved and the approach was shown to be valid.  The areas 
of significantly improved control were: 
SALES PRICE CONTROL.  The relationships which exist 
between product type, order quantity, and manufacturing 
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costs were made vividly clear, thus enabling guidelines 
for pricing, and quantity discounting to be established. 
SCHEDULING CONTROL.  The LABOR/COST SUMMARY provides 
the actual line time required to manufacture a given quan- 
tity of a given product.  This information enables the 
scheduler to do a better job in building and maintaining 
his production schedule to meet the requirements of a de- 
manding market while minimizing the frequency and magnitude 
of disruptions in production. 
MANPOWER CONTROL.  A firmer schedule used in conjunc- 
tion with more accurate estimates of labor usgae require- 
ments provides management with a greater ability to fore- 
case manpower needs. 
WASTE/WORK-IN-PROCESS CONTROL.  Before the new system 
was implemented, Noble management had insufficient infor- 
mation regarding how much unpackaged product was in their 
buffer stocks.  Frequently a production run would come to 
completion, leaving the perishable buffer stocks to waste. 
The Order Control Package contains a running tally of Work- 
In-Process as well as a listing of actual production against 
a particular order.  As an order approaches completion, DP 
may advise manufacturing management when to shut down the 
production equipment and package only the Work-In-Process 
and buffer stocks. 
INVENTORY CONTROL.  Rather than estimating the con- 
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L' 
sumption of item-specific components by standard, actual 
consumption may be used to determine on-hand balances at 
any time.  This allows more lead time for reorder, and 
should thereby diminish the frequency of component short- 
ages. 
It must also be concluded that objective number two 
was achieved since Noble management was satisfied with the 
new system to the extent that they interviewed some of the 
major computer hardware manufacturers regarding possible 
conversion of the new manual system to EDP.  When pre- 
sented with the documentation from the Order Status Infor- 
mation System Study, the hardware manufacturers agreed 
that little work, other than software development, would 
be required to convert the new manual system to EDP. 
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VIII.  SUMMARY 
, The purpose of this thesis was to develop an approach 
to designing manual information systems which could help 
in establishing effective managerial controls.  It was 
reasoned that, though computer-based systems excel in 
their ability to provide their users with strong, manage- 
ment-oriented information, there exist a great number of 
businesses, particularly small businesses, which cannot 
afford to own and operate sophisticated computer-based sys- 
tems.  The proposed systems approach to manual systems de- 
sign can permit the design of manual systems which are 
capable of providing those smaller businesses with the in- 
formation they need to grow and prosper. 
The manual approach models the computer-based systems 
approach in several important areas.  First, prior to the 
design of any manual systems, an extensive feasibility study 
should be conducted to determine the user's specific infor- 
mational requirements.  Next, a conceptual model of any new 
system should be formulated to incorporate modular data 
retrieval and storage procedures which ensure that all the 
needed data are captured and centrally located.  Centrally- 
VV located data, which constitutes the integrated data base, 
is essential for the preparation of summary reports.  Sys- 
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tem documentation, if character formatted, may help re- 
duce the possibility of clerical error and assist the 
possible conversion of the manual system to electronic 
data processing. 
A test system was designed in accordance with the 
principles mentioned above, and was implemented and tested 
in the manual data processing environment of a small busi- 
ness.  The experimental system was shown to be successful 
in supporting many new and improved managerial controls. 
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IX.  RECOMMENDATIONS FOR FUTURE WORK 
Only the concerted efforts of systems analysts, hard- 
ware manufacturers, and software manufacturers over the 
past thirty years could enable EDP systems analysis to 
evolve to its present state of sophistication.  Still EDP 
systems shall always continue to be refined and perfected. 
Like EDP systems, manual systems need continuous develop- 
ment in order to be responsive to their users changing 
needs.  Therefore it is suggested that there be greater 
coordination between the development of computer-based and 
manual systems analysis and design techniques. Such coordi- 
nation would yield better manual systems which become in- 
creasingly convertible to EDP. 
There are mental and physical limitations in manual 
data processing.  The science of Human Factors Engineering 
could make contributions to the design of the manual oper- 
ations with respect to their equipment, methods, and docu- 
ments.  Considerations in eye movement, memory, and atten- 
tion span might make the repetitive clinical functions less 
fatiguing and more efficient.  When the need for informa- 
tion exceeds the mental and physical limitations of the 
manual system, it may be time to convert to EDP, an event 
which is encouraged by the tenets of this thesis. 
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